The pharmacological management of adults with chronic-phase Chagas disease is challenging despite it being the recent focus of extensive research. One of the challenges in the current clinical practice guidelines (CPGs) landscape is the existence of nonevidence-based recommendations for the use of laboratory tests in treatment monitoring. This study aimed to systematically assess the quality and consistency of recommendations of CPGs on the pharmacological management of adults with chronicphase Chagas disease. Systematic literature searches were conducted in MEDLINE, EMBASE, SciELO and Google to identify all published CPGs relevant to the pharmacological management of Chagas disease, between January 2010 and March 2016. Three independent reviewers assessed the quality of each CPG using the Appraisal of Guidelines Research and Evaluation (AGREE) II instrument. A total of fi ve CPGs were included and the overall quality of the guidelines for therapeutic drug monitoring of Chagas disease was moderate-to-low. There was considerable variation in the quality of the CPGs across the AGREE II domains. The domains of scope/purpose, stakeholder involvement, and clarity of presentation were rated well, and the domains of applicability and editorial independence received poor ratings. This review showed that the methodological quality of CPGs for Chagas disease was generally inappropriate, and there was no explicit link between the best available evidence and current recommendations.
INTRODUCTION
Chagas disease is a zoonotic parasitic disease caused by the protozoan Trypanosoma cruzi 1 . Approximately 6-7 million people worldwide are estimated to be infected with T. cruzi, the majority of which are found in Latin America 2 . Despite extensive efforts to control the disease implemented since several decades, Chagas disease remains one of the biggest public health problems in Latin America. Currently, antiparasitic treatment options for Chagas disease are limited by only two old anti-parasitic drugs, benznidazole (BZN) and nifurtimox (NFX) 3, 4 . Trypanosoma cruzi infection is curable if treatment is initiated soon after infection. Both BZN and NFX are active in the acute phase. In contrast, treatment for the indeterminate or symptomatic chronic stages of Chagas disease have been debated for many years 5, 6 . Recent research has shown that treatment with BZN in patients with Chagas cardiomyopathy signifi cantly reduced serum parasite detection, but did not signifi cantly reduce clinically relevant cardiac deterioration 7 . This reduction in parasite load is heavily dependent on geographic site, and parasite strain. Due to the above evidence, the current trend is to treat cases of Chagas disease without heart complications 8 . The major disadvantage of both drugs is their toxicity profi les [9] [10] [11] [12] . Due to the high incidence of adverse drug reactions, patients require clinical monitoring and laboratory tests in order to promptly identify severe adverse effects 13, 14 . Currently, there is no consensus on the recommendations for pharmacological management for Chagas disease with emphasis on follow-up (i.e. which clinical monitoring and laboratory tests that need to be performed).
There are several clinical practice guidelines (CPGs) for the pharmacological management of Chagas disease. However, they differ in terms of their recommendations of treatment regimens, duration thereof, and frequency of monitoring. The aim of this review was to systematically assess the quality and consistency of recommendations of CPGs on the pharmacological management of adults chronically infected with T. cruzi in South America.
METHODS

Search strategy and identifi cation of clinical practice guidelines
Systematic literature searches were conducted to identify all published CPGs relevant to the pharmacological management of Chagas disease. Databases were searched using Medical Subject Headings and key words related to Chagas disease and treatment guidelines. Searches were restricted to articles published between January 2010 and March 2016. All searches were conducted in MEDLINE, EMBASE and SciELO. The electronic database search was supplemented by searching through Google, and other secondary websites. A secondary search was carried out by consulting the bibliographic references of the included CPGs. The search strategy used was: "Chagas disease OR Trypanosoma cruzi AND Chagas/therapy AND practice guideline AND humans". A Google search was performed by country using the words ''Chagas disease" and ''guideline'' and the fi rst 100 items were reviewed.
Selection of guidelines
Two reviewers independently screened the search results for inclusion using a pre-defined relevance criteria form. CPGs were defi ned as recommendations intended to facilitate decision-making in health professionals and patients for the prevention and treatment of Chagas disease. To be included, a CPG had to address the following issues: I) provide practical clinical recommendations on pharmacological management for Chagas disease (adults in chronic phase) II) be endorsed by a medical specialty associations, relevant professional societies or governmental agencies of a country of South America
The CPGs of concern in this study focused exclusively on Chagas disease among special groups (e.g. those who were, pregnant or who had children). Technical standards and protocols were not considered to be CPGs.
The full-text article was obtained for potentially relevant CPGs and these were subsequently screened by two reviewers. Discrepancies at any stage were resolved by discussion, or the involvement of a third reviewer. To ensure that the most upto-date CPGs were included, inclusion was limited to articles published from January 2010. Furthermore, only CPGs written in English, Spanish or Portuguese were included.
Data extraction and quality assessment
A draft data extraction form was developed and piloted. Two reviewers independently extracted all of the data using the standardized data extraction form. Discrepancies were resolved by discussion, or through the involvement of a third reviewer. The extracted data included CPG characteristics (e.g., year of dissemination, country, development team) and recommendations related to the indications for treatment, dosage, duration of treatment, treatment monitoring, and laboratory testing (complete blood count, liver and renal function tests, and urinalysis). For each item, we noted whether the CPG recommended it, the level of evidence thereof, and the quality of the studies supporting or refuting the recommendation.
The methodological quality of existing CPGs for Chagas disease was evaluated using the Appraisal of Guidelines Research and Evaluation (AGREE) II tool by three reviewers independently 15 . Discrepancies were resolved by discussion. The AGREE II instrument, which consists of 23 items, grouped into six quality domains: 1) Scope and purpose (items 1-3); 2) Stakeholder involvement (items 4-6); 3) Rigour of development (items 7-14); 4) Clarity of presentation (items 15-17); 5) Applicability (items 18-21) and 6) Editorial independence (items [22] [23] . Each item was scored on a scale of 1-7, with 1 being strongly disagree, and 7 being strongly agree.
Statistical analysis
A descriptive statistical analysis was used to summarize the data. The standard score for each domain was calculated as per the AGREE II instructions included in the user's manual 15 . The following formula was used: The scaled domain score = [score obtained -minimum possible score]/[maximum possible score -minimum possible score x 100], giving a percentage score between 0 and 100. The overall assessment of all the included CPGs was based on the overall quality of each guideline. The mean difference was also calculated for the scores between CPGs with their corresponding 95% confi dence intervals. An intraclass correlation coeffi cient (ICC) was used to measure inter-rater agreement for each guideline's scores. All statistical analyses were calculated using Statistical Package for the Social Sciences (SPSS) v.17.0 (IBM Corp., Armonk, NY, USA).
RESULTS
Study selection
The search strategy retrieved 39 records, and after application of the inclusion and exclusion criteria, 10 full-text papers were assessed and fi ve CPGs were included in the review (Figure 1 ).
Clinical practice guideline characteristics
Among the fi ve selected CPGs, one was from Colombia Table 1 .
AGREE-II appraisal results
The quality of CPGs was variable. In general, the guidelines received the lowest scores for rigour of development, applicability and editorial independence. With the exception of the BRA CPG, which obtained the highest score for editorial independence. In contrast, aspects relating to the scope and purpose, stakeholder involvement, and clarity of presentation of the guidelines received high scores ( Table 2) .
The median score of all guidelines was above 90% for the scope and purpose domain [mean 94.6%; 95% confi dence interval (CI): 91.4%-97.8%] and below 30% for the rigour of development (mean 29.6%; 95% CI: 20.7%-38.4%), (Figure 2) . The result of the inter-rater reliability assessment among the three reviewers was high: ICC was consistently (>75 %) excellent, with no ICC values found to be less than 40%. The reliability of the reviewers was satisfactory. The ICCs for the guidelines in the COL, CHI, BRA, ARG, and VEN studies were Importantly, none of the selected CPGs linked their grade of recommendations to the level of evidence. Also, they did not mention how their recommendations were chosen, and we found no evidence of external review prior to the publication for any of the evaluated CPGs. Agreement between these CPGs on the grade of recommendations was not observed. The overall assessment of the quality of CPGs was moderate-to-low.
Clinical practice guideline recommendations
These indications were taken to monitor follow-up treatment in immunocompetent patients with Chagas disease in chronic phase, ( Table 3) .
Indication of treatment: only a guideline (BRA) recommended that treatment (BZN or NFX) should be used in adults with Chagas disease in chronic phase, based on evidence to that effect. The other CPGs (ARG, COL, CHI and VEN) did not raise evidence-based recommendations. However, these guidelines suggested that the treatment should be administered by analyzing each individual patient (risk-benefi t analysis).
None of the guidelines mentioned the criteria for choosing one drug over the other (BZN or NFX).
Indication of treatment monitoring: all CPGs (ARG, BRA COL, CHI and VEN) recommended that clinical follow-up should be performed during treatment and four guidelines (ARG, COL, CHI, VEN) recommended that clinical followup should be performed also with laboratory tests (complete blood count, liver and renal function tests and urinalysis). These recommended tests changed according to the guideline.
Treatment and dosage: all CPGs recommended that BZN and NFX were the only drugs available to treat Chagas disease. Both drugs are available as tablets for adults in the following strength: 100mg and 120mg for BZN and NFX, respectively.
The (BRA) and (VEN) guidelines recommended that BZN should be used at doses of 5mg/kg/day for 60 days. However, the (BRA) recommended that BZN should be administered as the total daily dose in two or three divided doses and the CPG (VEN) proposed that BZN should be administered as the total daily dose in two divided doses. Moreover, the CPGs (CHI, ARG) recommended that BZN should be given at doses between 5-7mg/kg/day. These guidelines differ in terms of how often the treatment is given. The CPG (CHI) recommended that BZN should be administered in three divided doses for 60 days. Conversely, the guideline (ARG) recommended that BZN should be administered in two divided daily doses for 60 days. Finally, the CPG (COL) recommended that BZN should be given a higher doses between 5-10mg/kg/day in two or three divided daily doses for 60 days. BRA, COL and VEN guidelines recommended a maximum daily dose of 300mg. An upper dose limit (400mg) for BZN is also mentioned in the CPG (ARG). Regarding the recommended regimen of NFX, all guidelines (except COL, VEN) adopted the regimen of 8-10mg/kg/day in three divided doses. However, the duration of treatment was variable. The CPGs (BRA and ARG) recommended that NFX should be administered for 60 days. The guideline (CHI) recommended a longer period, between 60-90 days. The CPGs (CHI and ARG) recommended a maximum daily dose of 700mg. Moreover, the guidelines (COL, VEN) recommended that NFX should be administered aa a lower daily dose, between 5-8mg/ kg/day in two or three divided doses for 60 days.
None of CPGs (ARG, COL, CHI, BRA, VEN) supported its evidence-based recommendations for dosage, number of daily doses and duration of treatment.
Treatment monitoring with laboratory tests: four CPGs (ARG, COL, CHI, VEN) recommended that laboratory tests (complete blood count, creatinine, blood urea nitrogen, alanine aminotransferase, aspartate aminotransferase and urinalysis) should be used to monitor treatment. The complete blood count, creatinine, blood urea nitrogen, alanine aminotransferase and aspartate aminotransferase were common tests in the four guidelines. The Colombian guideline is the only one that recommends uroanalysis for the monitoring of the treatment. None of the CPGs supported its evidence-based recommendations for the use of laboratory tests in treatment monitoring.
Frequency of treatment monitoring: The frequencies for monitoring treatment (BZN or NFX) were different in each guideline. The CPG (ARG), recommended that at least two clinical follow-ups with laboratory tests (blood count, renal function, liver function and pregnancy test in the case of women) during treatment should be done before starting treatment, and 15-20 days after the start. Unlike previous recommendations, the guidelines (CHI, VEN) proposed that there should be made at least three clinical follow-up visits, with laboratory tests (blood count, renal function and liver function) during treatment as well: before starting treatment, half and the end of treatment. By contrast, the CPG (COL) recommended that should make a greater number of clinical follow-ups (four) with laboratory tests (blood count, renal function, liver function and urinalysis) before starting treatment, at 20 and 40 days after the start and the end of treatment. Moreover, the CPG (BRA) did not indicate how often these follow-ups should be performed in patients. None of CPGs (ARG, BRA, COL, CHI, VEN) supported its evidence-based recommendations for treatment monitoring.
DISCUSSION
The assessment of the quality and consistency of the guidelines on the therapeutic drug monitoring of Chagas disease in adults in the chronic phase of infection showed that there was no association between the methods used to develop the CPGs, and the recommendations that were made. This assessment evidenced the lack of standardized processes in the development of these CPGs, which resulted in documents of varying quality, which also showed that none of the CPGs supported its evidence-based recommendations. Guideline developers should adhere to a standardized evidence-based evaluation system. Although all CPGs clearly presented their recommendations on management and monitoring of drugs, none of them assessed the strength and consistency of the evidence that supported the recommendations. Therefore, the specifi c recommendations of the guidelines for therapeutic drug monitoring of BZN and NFX were not graded and varied with respect to the total daily dose, number of doses per day, total time of treatment, number of clinical controls and laboratory tests. There is evidence that the implementation of evidence-based guidelines can improve the quality of care 21 .
The quality of the GPCs in the different domains was heterogeneous, based on the criteria of the AGREE II instrument. The domains that received the poorest scores were rigor of development, applicability, and editorial independence. This could be due to lack of systematic search strategies, lack of tools to facilitate implementation of recommendations and no specifi cation of potential competing interests, respectively 22 . However, low scores can also be explained by poor reporting. The remaining three domains of scope and purpose, stakeholder involvement and clarity of presentation of the guidelines received high scores. These results are similar to a recent review of 11 reviews of CPGs of hypertension, which showed that the domains, rigour of development, applicability, and editorial independence scored consistently low across the CPGs 23 .
Importantly, the overall assessment of the quality of CPGs was moderate to low. It indicates that more efforts are needed to improve these CPGs, especially with respect to the domain of rigor of development, which is considered to be crucial for the guideline quality and to determine whether the recommendations are really based on evidence. In order to establish evidencebased recommendations and clinically valid in all CPGs, developers should implement systematic methods for rating quality of evidence and strength of recommendations 24 . This fi nding is similar to a study of 42 reviews of CPGs of healthcare topics published, which showed that despite some increase in quality of CPGs over time, the quality scores as measured with the AGREE Instrument have remained moderate to low over the last two decades 25 .
In this review, the recommendations that addressed the same topic varied from guideline-to-guideline according to the different domains.
This could be explained by the low quality evidence because when evidence is uncertain, judgments about magnitude of intervention effects are often swayed by subjective impressions 26 . With such defi ciencies in the methodological quality of CPGs, there is no guarantee that the recommendations would result in better health-related outcomes for patients with Chagas disease 25, 27 .
Paradoxically, the safety of drugs for Chagas disease is not fully known, although these were introduced over 40 years ago 28 . While the safety of drugs is critical for health care, performing laboratory testing without being sure of its signifi cance or relevance, rather than helping the patient can become an unnecessary burden on the health system 29 .
The main limitations of this review are as follows. First, assessment of methodological quality was based on what was reported by CPG developers, who may not have truly refl ect the process of developing them, and that there was inadequate information provided. Second, only the AGREE-II instrument was used in evaluating the quality of the CPGs, nowadays the most comprehensive validated assessment tool. Although others instruments could be additionally employed 30 .
In conclusion, the review showed that the methodological quality of CPGs for Chagas disease was not generally desirable, and there was no explicit link between the best available evidence and the recommendations. In addition, signifi cant differences were found in terms of the recommendations on the pharmacological management, mainly, duration of treatment, number of clinical controls and laboratory tests. These differences can create barriers to accessing care, treatment, and ultimately lead the patients to experience worse health outcomes. It is necessary that the guidelines for the management of Chagas disease be updated, desirably, according to methodological tools.
